Crambe is a promising crop for biodiesel production. However, there is no much information available about techniques and research regarding the best performance in different regions to explore its potential. The objective of this study was to evaluate the effect of cadmium, chromium, copper and zinc in the development of crambe. The study was carried out in a greenhouse and it consisted of four independent experiments in completely randomized design, with three replications. Four metals with five levels were applied: 0, 10, 15, 20 and 25 mg•kg −1 for copper, cadmium, chromium; and 0, 20, 30, 40 and 50 mg•kg −1 for zinc, in order to evaluate the growth of crambe. Data were subjected to analysis of variance and comparison of means by Tukey test at 1 and 5% significance. Despite doses of cadmium, chromium, copper and zinc in growing crambe have influenced in some of the evaluated variables of the plants, in general, their development was similar in relation to doses and the metals applied. The importance of cultivating crambe is related to grain production, based on this, copper and cadmium decreased this production.
) and rise only slightly when symptoms of toxicity appear [12] . Copper is absorbed in ionic form and high concentrations of phosphorus, molybdenum and zinc decrease the process that is considered active; translocation occurs within the plants in both the xylem and phloem, which is surrounded by the metal organic nitrogen compounds such as amino acids [13] . Copper is a relatively immobile element in plants. Thus, green leaves can accumulate high concentrations of copper and subsequently not release it to younger leaves and other tissues, such as inflorescences [13] . Some researchers agree with the idea that root uptake of Zn is active, while in the roots about 90% of Zn occur in the exchange sites or absorbed into the walls of the cortical parenchyma cells.
The mobility of zinc in plants is not large. Normally, the roots contain much more zinc than the shoot, especially if the plants are growing in soils rich in zinc [14] [10] . These metals can express their polluting potential directly on soil organisms, by the availability to plants in phytotoxic levels, besides the possibility of transfer into the food chain through plants themselves or the contamination of surface and subsurface water [15] [16] .
Due to the growing interest in the cultivation of crambe in Brazil for biodiesel production, the objective of this work is to evaluate the effect of cadmium, chromium, copper and zinc in the development of crambe.
Materials and Methods
The study was carried out from August to November 2012 at the Agricultural Engineering Department of the Federal University of Campina Grande, Campina Grande, Paraíba, Brazil. Temperatures ranged from approximately 32˚C during the day to 27˚C during the night. The pluviometric precipitation was around 700 mm annually.
Each experimental unit consisted of a plastic pot filled with 9.0 kg of a Eutrofic Regosol with the following attributes: sand = 845. 6 . The analyses procedures used were those recommended by [17] . The research consisted of four independent experiments, following a completely randomized design to evaluate the performance of four metals (zinc-Zn; Copper-Cu, cadmium-Cd, and chromium-Cr) in five doses, with three replications, totaling 15 experimental units for each metal. . Then, each pot was irrigated with solutions of Cu, Cd, Cr and Zn, according to the treatment, and distilled water in order to retain the moisture corresponding to 80% of field capacity. In order to provide an opportunity to the soil interact with the metal added, the experimental units remained incubated for 8 days under the same conditions.
Crambe seedlings were prepared in plastic cups with a capacity of 250 ml with substrate for plants using seeds without pericarp. After 8 days after germination (DAG), the seedlings were transplanted to the pots. Ten days after transplanting, the seedlings were harvested and only two plants per pot remained. They were irrigated daily in order to keep the moisture close to field capacity.
Plant height was measured with a graduated ruler, the stem diameter was measured with a digital caliper, and the counting of branches was done at 90 DAG. At the end of the experiment, during the harvest, 100 DAG, the plants were harvested, separated into leaves, stems and roots, washed in water and dried in an oven with forced air circulation at 65˚C until constant weight. The variables evaluated were: plant height, stem diameter, number of branches, dry weight of stem, leaves, shoot and root, root/shoot ratio and grain weight.
The results were analyzed statistically through the analyses of variance (ANOVA) described by [18] . Table 1 presents the results of analysis of variance of plant height (PH), number of branches (NB), dry weight of leaves (DWL), dry weight of stems (DWSt), dry weight of shoots (DWSh), dry weight of roots (DWR), ratio of root weight by shoot weight (RW/SW) and dry weight of grains (DWG) as a function of doses of cadmium, chromium, copper and zinc. Increasing levels of metals significantly influenced the level of 5% the number of branches and dry weight of grains for cadmium; dry weight of leaves for chromium; plant height, number of branches and dry weight of grains for copper. For zinc, it was significant at 1% in number of branches. The growing importance of crambe is related to the production of grains. Based on this, it can be verified in Table 1 that only Cd and Cu presented a significant effect for the variable dry weight of grains. The coefficients of variation ( Table 1) found in this study ranged from 5.53% to 9.60%, meaning homogeneity and low dispersion between the data. For most variables the coefficients of variation ranged from 10.54 to 19.98% which means average dispersion among the data. The coefficients of greater than 20% and less than or equal to 30% range are considered high, indicating high dispersion of data; and above 30%, which is the case in root dry weights for all elements variable, are considered too high, according to the proposal by [18] . This very high dispersion of data roots may be due to the difficulty of recovering all the roots of the plant, since they had very thin and fragile, causing loss of material during washing.
Results and Discussion
Increased doses of Cd in the soil caused a decrease in the number of branches of plants and the dry weight of the grain (Figure 1) . Regarding to the foliage, it was observed that the leaves became large and thick and stunted branches of crop, promoting greater dry weight of leaves. Probably because of this, the number of branches decreased and the grain formation was inhibited or promoted stunted grain, reducing the weight in relation to the increasing levels of Cd.
In plants, the presence of Cd affects absorption, transport and use of macronutrients, such as calcium, phosphorus, potassium [19] [20], nitrate [21] and sulfur [22] , as well as trace elements such as iron [23] and chlorine [24] . Due to these effects, the presence of Cd also affects plant growth.
In relation to chrome, only significant effect at 5% probability on the dry weight of the leaves of crambe whose data were best fitted to a quadratic model (Figure 2) .
In general, the Cr absorbed by plants is accumulated in the roots presenting low mobility in plants. Although no determined the concentration of Cr in plant tissues, it can be inferred that the Cr accumulated in the leaves, Significant at 1 and 5% of probability, and no-significant, respectively. LEV = levels; CV = coefficient of variation; GM = general mean.
since increased levels of this element influencing their development [25] . Crambe plants grown in soil supplied, on average, with 13 mg Cr kg −1 , resulted in a 20% reduction in dry weight of leaves compared to control. Although some studies show that Cr produce some stimulatory effects on plant growth [26] [27] its essentiality has not been proven. As [28] the reduction in leaf growth of tomato plants, due to the presence of chromium, just started to occur at concentrations greater than 100 mg Cr +3 L −1 . The number of branches and the weight of the grains of crambe were influenced at 5% probability with increasing levels of copper ( Table 1 ). The data of these variables were best fitted to models linear and quadratic, respectively (Figure 3) .
The presence of branches is responsible for having the function of sustaining the fruits besides being a source of minerals and assimilates drain. Therefore, reducing the number of branches can increase grain yield by reducing the sap to drain them, as can be seen in Figure 3 . For the dry weight of grains there was a small increase Even with the aggravation of soil contamination, results are superior to those obtained by [29] evaluated the effect of base saturation in the development and yield of crambe grown in medium textured soil where found 2.22 g per plant. On the other hand [30] , evaluating organic fertilization in crambe achieved a mean grain weight of 5.64 g per plant. Increasing levels of Zn influenced the 1% probability the number of branches of crambe (Table 1) , whose data of this variable were best fitted the quadratic model (Figure 4) . There was a tendency to decrease compared to control up to level 20 mg Zn kg −1 , returning to growth in higher levels studied, up to 50 mg•kg −1 , reaching 44 branches. However, this number is still lower than the control (54) within the range cited by [31] , in which the plant crambe has 30 or more branches.
In general, small changes in the data for plant height (from the control to highest level) were similar for all metals ( Table 2) . Only with the increase in cadmium levels, there was a trend to reduce plant height. However, data of crambe height, reported in Table 2 , were lower than some results reported in the literature.
According to [31] the height of crambe can reach up to 100 cm; however, [32] mentioned that the height va- ries between 70 and 90 cm. Almeida et al. [33] and [34] studied the cultivation of crambe in the field, under different fertilization and found the greatest heights of 123 cm and 109.54 cm, respectively. Santos et al. [35] analyzed different levels of water for irrigation of crambe and observed the largest height of 107.63 cm. Carvalho et al. [36] found inferior results to the present study i.e., they observed 45.25 cm of plant height grown in the Oxisol with 75% base saturation and [37] observed 58 cm height plant grown for different spacing in Hapludox Haplortox.
According to [32] , the height varies depending on the time of planting and plant density. In the present study, the decrease in plant height may have been due to plant fertilization, and/or the effect of metals and/or because the planting season (August to November) which is related to climate, i.e. plants were developed at a higher ambient temperature than in other traditional growing regions of crambe (April or May).
Increasing levels of metals significantly influenced the number of branches, with the exception of chromium ( Table 1 ). The average of number of branches ranged from 40.53 for Zn to 47.20 for Cu, values within cited by [31] , in which the plants presented 30 or more branches.
The dry weight of the leaves ranged from 3.03 g to 2.05 g, and 3.03 g to 2.12 g, corresponding to increasing levels of Cu and Zn, respectively, being not affected by application of these elements in growing crambe, corroborating [38] that analyzed increasing doses of zinc in bean plants.
The dry weight of the stems as well as the production of dry matter of shoots and roots of crambe was not affected by the application of all doses of Cd, Cr, Cu and Zn to the soil, whose values were statistically similar to those obtained in the absence these metals ( Table 2) . Tito et al. [38] analyzing increasing doses of zinc in beans, also found no significant effect on the weight of the roots. However, it had a significant effect on the dry mass of stems and grains, corroborating [39] that researched about corn, and disagreeing with [40] for the cultivation of sorghum. Regarding Cr, [41] observed that the reduction in dry matter of shoots and roots of soybeans occurred at 40 mg Cr +3 L −1
. i.e. up to this dose, chromium does not affect these variables of the plant. Observing the values of the dry weight of stems, dry matter production of shoots and roots even without statistical analysis, apparently, the values corresponding to increasing levels of Cd were higher than with the application of Cr, Cu and Zn, disagreement with [38] who observed lower biomass production of beans in the presence of Cd compared to Cu and Zn.
The application of metals to soil did not affect root/shoot crambe plants ratio (Table 1) , corroborating [29] . The behavior observed in this ratio with increased levels of all elements used (Table 2) may be associated with similar roots and aerial parts of the plants.
The dry weight of the grains of cultivated plants with Cr and Zn were not affected by increasing doses of these elements, corroborating [30] . These authors, applying increasing doses of poultry litter in growing crambe, no significant effect of this material on the weight of the grains was observed, that ranged from 4.77 g (zero g of poultry litter) to 6.40 g (140 g poultry litter).
Conclusions
Although the dosages of cadmium, chromium, copper and zinc in growing crambe have influenced in some of the variables of the plant in general, their development was similar in both in relation to doses as the metal used. Increasing levels of metals influenced significantly number of branches, with the exception of the metal chromium, which showed no significant difference.
The production of grain was harmed only with copper and cadmium in the conditions adopted for this study.
